INTRODUCTION

26
Maneuverability is necessary for locomotion in natural environments (Jindrich and 27 Qiao, 2009). Maneuvers involve behaviorally-generated changes to speed, direction, and/or 28 body orientation. Animals must maneuver to forage, negotiate uneven terrain, or escape 29 predation, with direct impacts on fitness (Demes et al., 1999; Dunbar, 1988; Howland, 30 1974; Losos and Irschick, 1996) . Performance depends on morphology, behavior and motor 31 control (Aerts et al., 2003; Alexander, 2002; Carrier et al., 2001; Dial et al., 2008; Eilam, 32 1994; Jindrich et al., 2006; Jindrich and Full, 1999; Jindrich et al., 2007; van Damme and 33 van Dooren, 1999) . For humans, turns alone comprise up to 50% of walking steps during 34 daily living (Glaister et al., 2007) , and can cause injuries directly by increasing the forces 35 and moments experienced by the legs, and indirectly by decreasing stability and causing 36 falls (Besier et al., 2001; Colby et al., 2000; Cross et al., 1989; Kawamoto et al., 2002;  37 McLean et al., 2004; Stacoff et al., 1996) . Maneuvering performance reflects dynamic 38 interactions among mechanics, musculoskeletal physiology, and motor control (Biewener 39 and Daley, 2007; Dickinson et al., 2000; Full et al., 2002; Jindrich and Qiao, 2009 ). I zz relative to humans, may not be necessary to prevent over-rotation (Jindrich et al., 2007) . 68 As predicted by the model, ostriches made sidestep cuts using braking forces that were, on 69 average, close to zero. Although the lower M to I zz ratio could explain some of the low 70 braking forces observed in ostriches, differences in several other parameters also 71 contributed (Jindrich and Qiao, 2009 ). Although measured peak braking forces were tightly 72 correlated to predictions (r 2 = 0.7), forces also showed substantial variance across trials, 73 suggesting that braking forces may still contribute to trial-by-trial control of body rotation.
74
In addition to braking forces, other behavioral parameters could also contribute to 75 successfully matching changes in body orientation to changes in velocity direction during 76 running turns. For humans, turns of increasing magnitude were associated with increases in 77 stance duration (τ) and foot placement in the anterior-posterior (P AEP,imd ) and medio-lateral 78 (P p ) directions. However, these changes were not as closely associated with turn magnitude 79 as were braking forces (Jindrich et al., 2006 posterior to the COM (Fig. 1B) . The dimensions of the harness were 0.7 (ML) × 1. (a-1)·a/2, a is the number of I zz levels, and this resulted in p < 0.0051).
236
All calculations were performed using MATLAB (R2012a, Math Works, Inc., Natick, MA, USA significant difference between COM speed at TD (V AEP,imd ) and TO (V f ) (p = 0.99, Fig. 2C ).
350
For individual trials, speed at TO was correlated with speed at TD (R 2 = 0.55; Fig. 7A for under-rotation during the turning step (θ f ),
471
Because they are consistently small during running turns (Table 1, Fig. 3A; Fig. 6B ). For these estimates, the consistent preference 476 for under-rotation that we observed was estimated using a constant value of 4.1° for (Fig. 6 ).
508
The observation of a relationship among parameters that is maintained despite large 509 variance in values of the parameters themselves is analogous to the pattern observed in 510 joint coordination during several types of movements (Scholz and Schöner, 1999) . For 511 example during hopping, joint redundancy is used to maintain task-level parameters such as 512 leg length, orientation, or force invariant (Auyang et al., 2009; Yen and Chang, 2010) .
513
Redundancy among several factors that contribute to body rotation could be exploited to 514 maintain desired orientation relative to movement direction at the end of the turning step.
515
However, the underlying source of the considerable intra-trial variability remains to be 516 determined. University. Predicted braking force from Eq. 4
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, Appendix (t) , is approximated by the combination of a full sine wave (alpha component) and a half sine wave (beta component, most commonly a braking force). ML force, F p (t), is approximated by another half sine wave with peak F pmax . Free moment, T z (t), is fitted by a half sine wave with peak T max . In the current figure, T z (t) is negative and against turning direction. The body posture in (C) was first averaged across all trials within M0%I1, and then averaged across all rotational inertia levels and participants. mean±std. Significant difference in post-hoc comparisons are indicated by superscript (p < 0.0051). For all angles, positive value is along the turning direction as in Table M0%I1 M15%I3 M15%I3.5 M17%I3.5 M17%I4 
